A snapshot in time: Does exercise training impact the muscle circadian clock in patients?
Elizabeth A Schroder 1,2 and Brian P Delisle 1, 2 In this issue of the European Journal of Preventative Cardiology Steidle-Kloc and colleagues (2016) 1 investigate whether exercise training can impact the expression of circadian clock genes in the skeletal muscle of patients with coronary artery disease and type 2 diabetes. The authors should be commended on attempting to determine whether work done in rodents translates to humans. Indeed, this study is one of the few that endeavors to determine how long-term exercise impacts the expression of several, core molecular clock and clock-controlled genes. Although the authors find an interaction between long-term exercise training and the expression of the putative clock-controlled gene ALAS1, this study highlights the difficulties investigators have in studying the biological clock in humans.
Circadian rhythms are approximate 24-hour oscillations in physiology and behavior, which enable organisms to anticipate daily environmental changes. The mammalian circadian pacemaker is located in the suprachiasmatic nuclei (SCN) of the anterior hypothalamus. The SCN receives and utilizes photic input to entrain circadian oscillators in many different peripheral tissues throughout the body. Although the mechanism(s) that underlie circadian synchrony between the SCN and peripheral oscillators is poorly understood, it has been demonstrated that peripheral tissues express self-sustained circadian oscillations in the absence of input from the SCN. 2 These circadian oscillations in gene expression result from the auto-regulatory transcriptional/translational feedback loop termed the molecular clock. The mammalian core molecular clock is composed of several genes including, but not limited to, Bmal1, Clock, Per1, Per2, Per3, Cry1, Cry2.
In recent years, disruption of circadian rhythms has been linked to increased incidence of diabetes and cardiovascular disease. 3, 4 An increased prevalence of both is demonstrated in people involved in different types of shift work, including factory workers and physicians. 5 Controlled studies in a laboratory environment with healthy human volunteers further cemented the link between circadian rhythms, metabolic and cardiovascular function, by demonstrating significant glucose handling and cardiovascular impacts in individuals exposed to a 28-hour day (dysynchrony) or circadian disruption. 6, 7 In addition, polymorphisms in core molecular clock genes identified in the human population associate with altered glucose handling, diabetes, hypertension, metabolic syndrome and obesity. [8] [9] [10] [11] Rodent studies have elucidated more mechanistic data. Knock-out of the core molecular clock gene Bmal1 results in impaired insulin sensitivity and glucose intolerance 12, 13 as well as dilated cardiomyopathy. 14 Clock D19 mice exhibit a metabolic phenotype consisting of obesity, dyslipidemia, hepatic steatosis, and hyperglycemia. 12, 15 In addition, recent studies employing mice with a skeletal muscle-specific loss of Bmal1 have demonstrated both a local and a systemic disruption of glucose homeostasis, as well as other changes in metabolic function. [16] [17] [18] The aforementioned examples serve to demonstrate the essential role for circadian rhythms in whole-body physiology, with particular focus on metabolic and cardiovascular health.
The beneficial effects of exercise on metabolic and cardiovascular disease are difficult to argue. Some of these benefits include increased contraction-induced glucose uptake, increased insulin sensitivity, diminished platelet aggregation, lowered blood pressure, optimized lipid profile, decreased sympathetic tone, and increased heart rate variability. All of these identified improvements have been associated with having circadian components. However, it has not been until recent years that the role of physical activity and exercise, and more importantly, the timing of exercise, have been recognized as entrainment cues/Zeitgebers, which function to aid in adaptation to the environment. 19, 20 Skeletal muscle comprises approximately 45% of total body mass 21 and is responsible for as much as 80% of postprandial glucose uptake. 22 Significant cross-talk is present between skeletal muscle and other tissues and, therefore, it must function in coordination with other tissues to maintain circadian synchrony between tissues. If skeletal muscle rhythms are disrupted or asynchronous, then the use of exercise as an entrainment cue might be useful in resetting the timing of the skeletal muscle clock to the environment. Moreover, it might facilitate the synchrony of rhythms in the other tissues.
Steidle-Kloc et al. 1 demonstrated long-term exercise protocols to rehabilitate skeletal muscle in patients increased the expression of ALAS1, a gene whose transcription is regulated by the circadian clock transcription-translation mechanism in liver, 23 but they did not see changes in the expression of circadian clock genes (CLOCK, PER1, or CRY2). ALAS1 encodes a rate limiting mitochondrial enzyme important in haem biosynthesis. Increased expression of ALAS1 can increase haem biosynthesis, which regulates the activity of the BMAL1:NPAS2 heterodimer in coordination with PER2. Thus, ALAS1 is a potential link between the circadian clock and haem bioactivity.
Whether or not a similar interplay between ALAS1 and circadian transcription factors occurs in skeletal muscle remains uncertain. What Steidle-Kloc and colleagues have done is to highlight the difficulties of studying clock gene expression in the human population. For example:
1. Can the authors use this approach reliably to detect a circadian oscillation in the expression of clock genes from skeletal muscle biopsies in healthy subjects? This difficulty arises as the result of confounding subject-specific differences and time of day differences in biopsies that impact the expression of clock genes. 2. Are circadian oscillations in clock gene expression disrupted in patients with coronary artery disease or type 2 diabetes? 3. Does the circadian clock mechanism regulate the expression of ALAS1 in skeletal muscle?
Studies in mice suggest that although Alas1 is expressed in a circadian manner in the liver, it may not oscillate in skeletal muscle. 24 Despite the small sample size employed in this study, the demonstration of increased expression of Alas1 in response to a longterm exercise program in individuals with type 2 diabetes and coronary artery disease is meaningful, in that it may reflect the role of the central clock in resetting the muscle clock and perhaps other peripheral clocks, although changes in clock gene expression are not possible to discern with single timepoint data.
Circadian rhythms are critical for the overall health of an organism. Future research will further enhance our understanding of exercise and more importantly the time of exercise in resetting the clock in peripheral tissues and perhaps resynchronizing clocks systemically. In addition, the identification and examination of other potential circadian regulated genes in skeletal muscle may serve as targets for enhancing overall circadian health and diminishing/preventing the development of pathologies such as type 2 diabetes and coronary artery disease.
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